Public Health, Kanazawa Medical University-The aim of this study was to investigate the effects of shift work on nutrient intakes, including macronutrient intake and micronutrient intake, in a large sample size. The study population included 2,254 male manual workers, 20-59 yr of age, employed in a factory. A selfadministered diet history questionnaire was used. The subjects were classified into 3 groups according to their work schedule: (i) fixed day workers; (ii) shift workers without midnight shifts; and (iii) shift workers with midnight shifts. The nutrient intakes of the groups were compared by age group. There was a significant difference in nutrient intakes between subjects aged 20-29 yr and those aged 30 yr and over. Among subjects aged 20-29 yr, the energy density value for saturated fat and the energy adjusted intakes of calcium, potassium, vitamin A, and vitamin B1 were the lowest among shift workers with midnight shifts. Among subjects aged 30 yr and over, the total energy intake was the highest among shift workers with midnight shifts; the difference was significant compared to fixed day workers. Shift workers with midnight shifts had the highest intake of cereals among subjects 30 yr of age and older. In conclusion, there were no significant differences in nutrient intakes between fixed day workers and shift workers without midnight shift. Shift work, particularly midnight shift work, affected nutrient intake. The impact of shift work on nutrient intakes differed by age and the type of shift work. (J Occup Health 2008; 50: 270-278) 
Shift work has been associated with an increased risk of cardiovascular disease [1] [2] [3] . Changes in biomarkers and lifestyle are considered to be related to the increased risk of cardiovascular disease. Previously, the results of studies dealing with the effects of shift work on biomarkers were inconsistent. However, recently, the majority of cross-sectional studies have shown that shift workers have a higher prevalence of cardiovascular disease and higher levels of cardiovascular disease biomarkers [4] [5] [6] [7] [8] [9] . Intervention studies indicate that the introduction of a better shift schedule improves biomarkers 10) , while introducing a worse shift schedule causes the workers to gain weight 11) . Increased risks of obesity and weight gain among shift workers have been reported by a few studies [12] [13] [14] . We previously reported an increased risk of hypertension, diabetes mellitus, and weight gain among shift workers [15] [16] [17] . Studies of the effects of shift work on eating habits and nutrient intake have previously been conducted. Most studies did not find a difference between shift workers and daytime workers with respect to their total calorie intake and their dominant macronutrient intake 21, [23] [24] [25] .
Instead, many reports found that there were changes in eating habits and food selection among shift workers [18] [19] [20] [21] [22] . However, most previous studies dealing with this issue had small sample sizes. Furthermore, compared to the number of studies that evaluated intra-individual differences in nutrient intakes by shift, there have been few studies that have examined the differences in nutrient intakes between shift workers and daytime workers. Furthermore, most studies have not considered the lifestyle effects of shift work by age and shift work history.
This study investigated the effects of shift work on nutrient intakes, including both macronutrient intake and micronutrient intake, in a large sample size. We also examined the effects of workers' age and the number of years that the workers had worked shifts on the relationship between shift work and nutrient intakes. A self-administered diet history questionnaire that was developed for use in epidemiological studies was used to assess nutrient intake.
Subjects and Methods

Study population
The study population consisted of male manual workers, aged 20-59 yr, working in a factory producing light metal products. A self-administered questionnaire survey was done in 2003 that included questions on nutritional intake and work conditions. There were a total of 4,736 male employees aged 20-59 yr; of these, 3,715 provided valid responses, for a valid response rate of 78.4%. The 2,254 employees who indicated that they were engaged in manual work were chosen as the subjects for this analysis. The number of years that the employees had worked shifts and behavioral factors were obtained from the self-administered questionnaire; the subjects' height and body weight were obtained from annual health examination data.
In the target company, the shift schedule included a rotating 3-shift schedule and a 2-shift schedule. The 3-shift workers rotated counterclockwise: two thirds of them had a non-continuous shift system (5 day shifts, 5 night shifts, and 5 evening shifts with weekend holidays), and one third of them had a continuous shift system (3 or 4 day shifts, 3 or 4 night shifts, and 3 or 4 evening shifts, with 1 rest day between successive shifts). Both rotating shift schedules changed shifts at 08h00, 16h30, and 00h15, or 06h30, 13h00, and 21h30. Whether worker are allocated to shift work or not depends on the job in the section. Certain jobs, such as those involving the operation of machines that melt, heat, mix, or cast, are routinely done by 3-shift workers, while jobs involving the processing or construction of aluminum products are done by fixed day workers or 2-shift workers.
The subjects were classified into 3 groups according to their work schedule: (i) fixed day workers; (ii) shift workers without midnight shifts; and (iii) shift workers with midnight shifts. The number of subjects, the length of time that they had done shift work, and anthropometric data are shown by age group in Table 1 . In the 30-39-years-olds, there was a significant difference in BMI among the three groups by work schedule. Other characteristics were not significantly different among the three groups.
Data collection
Dietary habits during the preceding month were assessed using a self-administered diet history questionnaire (DHQ) 26) . The DHQ was developed to estimate the dietary intakes of macronutrients and micronutrients in epidemiological studies in Japan. The detailed description of the methods used for calculating dietary intakes and the validity of the DHQ have been previously published 26) . Briefly, the DHQ consists of the following seven sections: general dietary behaviors; major cooking methods; consumption frequency and semiquantitative portion size of 122 selected food and nonalcoholic beverage items; dietary supplements; consumption frequency and semi-quantitative portion sizes of cereals usually consumed as staple foods (rice, bread and noodles) and miso (fermented soybean paste)
soup; and open-ended items for foods consumed regularly but not appearing in the DHQ. Items and portion sizes were derived primarily from data in the National Nutritional Survey of Japan and several recipe books for Japanese dishes.
Estimates of dietary intake for 148 food and beverage items, energy and nutrients were calculated using an ad hoc computer algorithm developed for the DHQ that was based on the Standard Tables of Food Composition in Japan. In this study, the energy adjusted values of dietary intakes were calculated using the percentage of energy for energy providing nutrients and the amount per 1,000 kcal for non energy-providing nutrients and foods. The food groups examined for comparison were as follows: "rice, bread and noodles," potatoes, confectionaries, "fat and oil," pulses, fruits, vegetables, "fish and shellfish," meat and dairy products.
The body mass index (BMI) was calculated as the weight (kg) divided by the height squared (m 2 ). Healthrelated behaviors were also obtained by questionnaire.
Statistics
The nutrient intakes and individual characteristics were compared among the groups with 3 different work schedules using one-way ANOVA. The prevalence of smoking was compared among the groups using the χ 2 -test. Each analysis was carried out on age-stratified data. The software package used for the analysis was SPSS 11.0 (SPSS Inc, Chicago, IL, USA). Table 2 shows the comparisons of total energy and the energy density value for nutrient intakes (% of energy for energy-providing nutrients and weight per 1,000 kcal for non energy-providing nutrients) among the three groups of 20-29-yr-old workers. The total energy intake was the highest in shift workers without midnight shifts, but there were no significant differences among the groups in total energy intake. The energy density values for macronutrient were not significantly different among the three groups. However, shift workers with midnight shifts had the lowest percent of energy from saturated fat with statistical significance. The energy density values for calcium, potassium, vitamin A, and vitamin B1 were the lowest in shift workers with midnight shifts; the energy density value of potassium, vitamin A and vitamin B1 in shift workers with midnight shifts were significantly lower than those in fixed day workers, and those of calcium and vitamin A were significantly lower than those in shift workers without midnight shifts. On the other hand, the daily alcohol intake was the highest in shift workers with midnight shifts, though there were no significant differences among the groups. There were no significant differences in micronutrient intakes between fixed day workers and shift workers without midnight shifts. Table 3 shows the results for 30-39-yr-old workers. The total energy intake was the highest in shift workers with midnight shifts, followed by shift workers without midnight shifts and fixed day workers; there was a significant difference between shift workers with midnight shifts and fixed day workers. There were no significant differences among the three groups in energy density values for micronutrients except for vitamin B1. Table 4 shows the results of the 40-49-yr-old workers. The total energy intake was the highest in shift workers with midnight shifts, followed by shift workers without midnight shifts and fixed day workers; the differences among the groups were not statistically significant. There were no significant differences among the three groups in the energy density values for nutrients, except for polyunsaturated fatty acids; the percent of energy for polyunsaturated fatty acids was the lowest in shift workers with midnight shifts, and the difference between shift workers with midnight shifts and fixed day workers was statistically significant. Table 5 shows the results for 50-59-yr-old workers. The total energy intake was the highest in shift workers with midnight shifts, followed by shift workers without midnight shifts and fixed day workers; there was a significant difference between shift workers with midnight shifts and fixed day workers. The energy density value for dietary fiber was significantly lower in shift workers with/without midnight shifts than in fixed day workers.
Results
Comparison of nutrient intakes
Comparison of food intake
The energy adjusted food intakes were compared among the three groups of workers. The food groups with p-values less than 0.10 tested by one-way ANOVA are listed in Table 6 . Among the 20-29-yr-olds, energy adjusted intakes of dairy products were significantly lower in shift workers with midnight shifts than in fixed day workers and shift workers without midnight shifts. Intakes of meat and vegetables were the lowest in shift workers with midnight shifts. Among the 30-39-yr-olds, intakes of all food groups were not different among groups of work schedule. Among the 40-49-yr-olds, energy adjusted intakes of meat and "fat and oil" were the lowest in shift workers with midnight shifts with statistical significance. Among the 50-59-yr-olds, shift workers with midnight shifts tended to show lower intake of vegetables.
Discussion
To evaluate the effects of shift work on nutrient intake, manual workers employed in a Japanese factory were surveyed. The shift system in the target company consisted primarily of a rotational shift system that was either continuous or non-continuous. While changing shifts weekly with weekend holidays is a common schedule, other shift change systems involving shorter time spans are also in use. Two thirds of the shift workers had midnight shifts, while the remaining shift workers did not have midnight shifts. For the purposes of the analysis, the workers were classified into three groups: shift workers with midnight shifts; shift workers without midnight shifts; and fixed day workers. Given the hypothesis that the quantity and quality of the effects of irregular work on nutrient intake would differ by the workers' age and the number of years they had worked shifts, the workers were stratified by age group for the analyses. In the target company, the particular shift schedule varied depending on the needs of the process performed in each section. Changing sections was not common for the manual workers. Therefore, among the shift workers, their age was well correlated with the number of years that they had worked shifts. Also, marital status would have some effects on nutritional intake, but we don't have such data. Analysis by age strata might diminish the influence of marital status.
The survey of nutrient intake was carried out using the self-administered dietary questionnaire (DHQ) developed by Sasaki 26) . The validity of the DHQ for epidemiological use has been verified. Since this questionnaire asks frequencies and quantities of items during the previous one month, it would be more useful for a survey targeting shift workers who eat irregularly according to their shift (262) schedule. To determine our subjects' characteristics, the nutrient intakes of our study population were compared with the data collected by the National Nutrition Survey conducted in Japan in 2004 27) . For the National Nutrition Survey, the samples were selected by stratified random sampling, and the nutritional intakes were evaluated based on dietary records. Despite the difference in the method used to evaluate nutrient intake, our subjects' energy intakes were similar to the national mean for each age group. However, our subjects tended to eat more carbohydrate, less protein, and less fat.
The results of the nutrient intake comparisons among the 3 groups differed between the 20-29-yr-olds and those 30 yr of age or older. The total energy intake was not different among the three groups in the 20-29-yr-old age group, but in the older age groups, the total energy intake of shift workers with midnight shifts was higher than that of fixed day workers. Among 20-29-yr-olds, intakes of some micronutrients, such as calcium, potassium, vitamin A, and vitamin B1, were the lowest in shift workers with midnight shifts; these findings were not seen in the older age groups. In 20-29-yr-old age groups, intakes of meat, dairy products and vegetables were the lowest in shift workers with midnight shift, results which were coincident with the results of comparison of nutrients intakes. We did not find significant effects of shift work without midnight shift on nutritional intakes in the comparison with fixed daytime workers. An irregular work schedule, particularly one that includes midnight shifts, tended to affect nutrient intakes differently, depending on age and shift work history. Younger shift workers, who were not accustomed to midnight shifts, tended to eat less than older shift workers, Food items compared among groups were "rice, bread and noodles," potatoes, confectionaries, "fat and oil," pulses, fruits, vegetables, "fish and shellfish," meat and dairy products. Geometrical mean (geometrical standard deviation), p tested by one way ANOVA, post hoc multiple comparison was tested by the Scheffe test. a/b: p-value between day workers and shift workers without midnight shift, a/c: p-value between day workers and shift workers with midnight shift, b/c: p-value between shift workers without/with midnight shift who were accustomed to midnight shifts, and tended to eat more. Most previous studies dealing with this issue had a small sample size and usually did not consider the differences in the effects of shift work on lifestyle by age and shift work history. Most studies agree that shift work affects the distribution of food intake over 24 h and the selection of food items [18] [19] [20] [21] [22] . In summary, shift workers preferred to eat cold food and fast food; fewer of them eat hot food: they tend to nibble rather than have a meal 21) , and have fewer meals 18, 25) . These eating habit changes may increase or decrease intakes of nutrients. However, most studies did not find any differences in total energy and macronutrient intakes 21, 23, 24) , though one Japanese study reported that shift workers had a decreased energy intake 25) . The fact that most studies found no differences in total energy and macronutrient intakes may be the result of failing to take into account age and number of years of shift work. It has also been reported that workers who work irregular hours develop a loss of appetite and become reluctant to prepare meals due to difficulties in adjusting to social life and internal circadian rhythm 28) . It has also been reported that the total energy and nutrient intakes increase when individuals eat with others 29) ; however, shift workers have fewer opportunities to take meals with their families and friends. These effects appeared to be most prominent among younger workers with midnight shifts, who decreased their micronutrient intakes. On the other hand, the higher total energy intake of older (≥30 yr) shift workers with midnight shifts may be due to the fact that these individuals had become used to shift work: as they got older, they adjusted their social/ family life, though they continued to snack.
Previously, we reported an increased risk of hypertension, diabetes mellitus, and weight gain among shift workers based on cohort studies of the same target population [15] [16] [17] . The increased risk of hypertension was only found in younger workers 15) . Workers who transferred from fixed day work to shift work and workers who had continued shift work had a greater weight gain during the follow-up period than other workers 17) . The present study showed that younger shift workers with midnight shifts had lower intakes of some micronutrients, while older shift workers had higher total intakes; these findings may be related to those of our previous cohort studies [15] [16] [17] , but our conclusions are limited by the crosssectional design of the present study.
To generalize the results from the present study, one needs to consider the characteristics of the subjects of this study, since the effects of shift work on nutrient intake and eating habits are modified by local circumstances, socioeconomic factors, and the shift schedule. The subjects of this study were manual workers who had permanent contracts in the main factory of a large company. Therefore, their socioeconomic status was considered to be relatively good. The shift schedule used in this factory is the usual system that is used in Japanese factories. The factory is located in a rural area where it is not convenient to eat out, but proper meals are served at lunch in the factory's cafeteria. Therefore, our results suggest that shift work, particularly when it includes midnight shifts, affects nutrient intake, even with better socioeconomic conditions.
To conclude, shift work, particularly when it includes midnight shift work, affects nutrient intakes. The type and extent of the effect of shift work on nutrient intakes depends on age and shift work history.
